Abstract. Esophageal cancer ranks fourth in cancer-associated mortality in China and the incidence of esophageal adenocarcinoma has risen dramatically over the past two decades. MicroRNA (miRNA/miR) serves a pivotal role in human cancer cell growth, invasion and migration. MiR-675-3p is highly expressed in esophageal squamous cell cancer (ESCC) tissues, and may have an influence on ESCC cell migration and invasion. ESCC tumor tissue samples from 35 patients were profiled. MiR-675-3p expression was confirmed by reverse transcription-quantitative polymerase chain reaction. Manipulation of miR-675-3p via knockdown was carried out with subsequent evaluation of effects on cell proliferation, invasion, migration, and use of western blotting and ELISA assays. MiR-675-3p was overexpressed in ESCC tissues compared with normal tissues, and had higher expression levels in ESCC cells compared with the healthy esophageal epithelial cell line. The results revealed a predominant upregulation of cell migration and invasion ability. MiR-675-3p inhibitor inhibited ESCC cell proliferation, migration and invasion ability. It was also demonstrated that downregulation of miR-675-3p decreased the levels of matrix metalloproteinase (MMP) 2 and 9 and increased the level of E-cadherin. In addition, the effects of miR-675-3p inhibitor on ESCC cell lines were eliminated by con-transfection with miR-675-3p inhibitor and miR-675-3p mimic. In conclusion, the results indicated that miR-675-3p may be involved in the progression of ESCC through regulating ESCC cell migration and invasion capacity via modulating epithelial mesenchymal transition markers (MMP2, MMP 9 and E-cadherin).
Introduction
Cancer is a leading global cause of mortality that accounts for almost 13% of mortality worldwide (1) . According to Globocan (globocan.iarc.fr/Default.aspx), it is estimated that by 2020, there will be between 15 and 17 million newly diagnosed cases of cancer every year, 60% of which will be in developing countries (1) . Asia accounts for 60% of the world population and half the global burden of cancer. With current resources, one-third of cancers could be preventable, and another two-third of newly diagnosed cancer patients could experience increased survival or early-stage detection (1) . Prevention as well as early detection of cancers leads to both better health outcomes and considerable savings in treatment costs (2) . Despite this, progress in global cancer control has been slow, largely due to the weak and fragmented nature of both the global and national responses to treatment.
Esophageal cancer (EC) is one of the most common diseases in gastroenterology, and additionally one of the most fatal (3) . EC is the fourth most common gastrointestinal cancer in the United States of America with a <20% 5-year survival (4). The incidence of esophageal adenocarcinoma has risen dramatically over the past two decades (3) . EC also ranks fourth among cancer-associated mortalities in China (5) . Surgical resection is the main treatment method for EC, with a postoperative 5-year survival rate of only 34-36% (6) . Conventional treatment strategies including neoadjuvant radiochemotherapy, preoperative neoadjuvant chemotherapy, and three-field lymph node dissection are helpful for improving the 5-year survival rate of EC patients. However, the outcomes are still unsatisfactory, and local recurrence and distant metastasis results in patient mortality (7) . Therefore, biomarkers can be used to identify the recurrence or metastasis of EC in order to facilitate timely diagnosis and treatment strategies, thus improving the prognosis of EC patients. MicroRNA (miRNA/miR) is a class of widely distributed non-coding RNA of 20-22 nucleotides, usually serving a role in regulation of post-transcriptional gene expression (8) . The biogenesis of miRNA involves a complex protein system, including members of the Argonaute family, Polymerase II-dependent transcription and the RNase III Drosha and Dicer 13 (9) . MiRNA is generally transcribed as a primary transcript (pre-miRNA) through Polymerase II and is processed to a 70-nucleotide stem-loop by the Microprocessor (Drosha/Pasha). The resulting pre-miRNA is transported into the cytoplasm via Exportin-5. Dicer proceeds to cleave the pre-miRNA to produce a mature miRNA: miRNA duplex. TAR RNA binding protein/Loquacious is used to bind the miRNA to Argonaute and RNA-induced silencing complex is formed, then, the miRNA strand is degraded (8) . MiRNA has been demonstrated to be involved in multiple biological processes, such as cell differentiation, proliferation, oncogenesis, angiogenesis, tumor invasion and tumor metastasis. It has been demonstrated that miRNA serves a pivotal role in human cancer cell growth, invasion and migration (10) . Furthermore, miRNA expression is associated with a variety of cancers, and miRNA may function as 'oncogenes' or 'tumor suppressor genes'. Approximately 50% of miRNA is located on the genome at the fragile sites associated with the tumor, indicating that miRNA serves a crucial role in the development and progression of tumors.
MicroRNA-675-3p promotes esophageal squamous cell cancer cell migration and invasion
MiR-675 is derived from long non-coding RNA H19, an miRNA embedded within H19's first exon, and H19 can generate two mature microRNAs, miRNA-675-3p and miRNA-675-5p in a Drosha and Dicer splicing dependent manner. MiRNA-675 is expressed exclusively in the placenta from the gestational time point when placental growth normally ceases, but placentas that lack H19 continue to grow. The main physiological role of H19 is inhibiting the growth of the placenta prior to birth, by regulating processing of miR-675 (11, 12) . The inverse association between miRNA-675 and placenta growth indicates that miRNA-675 can act as a growth restrictor during embryonic development (11) . MiRNA-675 represses the expression of tumor suppressor retinoblastoma in a classical way and promotes the proliferation of colon cancer cells (13) . In addition, miRNA-675-5p is expressed in EC and its over-expression in some esophageal squamous cancer cell lines result in their proliferation and migration. In the present study, the expression of miR-675-3p was investigated in a healthy esophageal epithelial cell line (HECC), and its function on esophageal squamous cell cancer (ESCC) proliferation and migration was evaluated.
Materials and methods
Ethics statement. Written informed consent was obtained from all participants, and the study protocol was approved by the ethics committee of JiangSu Cancer Hospital (Nanjing, China). 4 cells/ml in six-well plates and incubated overnight at 37˚C. According to the protocol, they were transiently transfected with the 20 µmol interference oligonucleotide which included negative control (NC; 5'-3' CAG UAC UUU UGU GUA GUA CAA), mir-675-3p inhibitor (5'-3' UGA GCG GUG AGG GCA AUA CAG) or mir-675-3p mimic (sense 5'-3' CUG UAU GCC CUC ACC GCU CA; anti-sense 5'-3' AGC GGU GAG GGC AUA CAG UU) using Lipofectamine ® 2000 reagent (Invitrogen; Thermo Fisher Scientific, Inc.). Following 6 h transfection at 37˚C, the medium was replaced with RPMI1640 media containing 10% FBS. Three group were used in this experiment, which included negative control (NC), miR-675-3p inhibitor group and miR-675-3p inhibitor + miR-675-3p mimic. The group of NC and miR-675-3p inhibitor were only transfected with NC or miR-675-3p inhibitor, respectively, and the group of miR-675-3p inhibitor + miR-675-3p mimic, were transfected with miR-675-3p mimics 6 h following transfection with miR-675-3p inhibitor.
Total RNA extraction and reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
At 24 h post-transfection, cells were treated with TRIzol (Takara Bio, Inc., Otsu, Japan) to extract total RNA, which was reverse transcribed to first strand cDNA using Primescript RT Reagent (Takara Bio, Inc.). The expression levels of miR-675-3p (sense 5'-CGG AGA GGG CCC ACA GTG-3'; anti-sense was an universal primer which was obtained from GeneCopoeia, USA), MMP2 (sense 5'-GCT GAC GGT AAG GAC GGA CTC-3'; anti-sense 5'-CGT TGC CAT TGA ACA AGA AGG-3'), MMP9 (sense 5'-TGT GCT ACA GGG AGA GAT AAG A-3'; anti-sense 5'-GTG GGT GGA GCA GAG TAA ATAA-3') and E-cadherin (sense 5'-CTC AGT TGG AAC AGG GTG AAT A-3'; anti-sense 5'-GTG CAG GAC ACT CAA ATC AAA G-3') were examined using RT-qPCR in a Step one plus system (Roche Molecular Diagnostics, Pleasanton, CA, USA) using 2 -ΔΔCq analysis. In this system, all reactions were performed in SybrGreen (ChamQ™ SYBR qPCR Master Mix; Vazyme, Piscataway, NJ, USA), in a volume of 20 ul containing 2 ul cDNA, according to the manufacturer's protocol. All reactions were performed in triplicate. The thermal cycling conditions included a step of 5 min at 95˚C followed by 40 (14) .
Cell proliferation assay. Cell proliferation was monitored by a colorimetric assay using the Cell Counting Kit-8 (CCK-8, Vazyme) according to the manufacturer's protocol. Briefly, cells were seeded on 6-well plates and transfected with NC, miR-675-3p inhibitor or miR-675-3p inhibitor + miR-675-3p mimics, after 12 h of transfection, the cells were transferred onto the 96-well plates (8x10 3 cells/well) and the cell proliferation assays were conducted and analyzed by a Microplate Reader (ELx808; BIO-TEK Instruments, Inc., Winooski, VT, USA) every 12 h for 3 days using CCK-8.
Scratch wound assay. Cells (3x10 5 ) were transfected with NC, miR-675-3p inhibitor or miR-675-3p inhibitor + miR-675-3p mimics and cultured in a cell culture dish (35x10 mm). Cell layers were scratched using a pipette tip to form wound gaps. The wound location in the cell culture dish was marked. Cells were imaged to record the wound width (0 h). A total of 12 h following this, images were taken again at the marked wound location to measure the cell migration ability.
Transwell invasion and migration ability assay. Cells (3x10 5 ) were transfected with NC, miR-675-3p inhibitor or miR-675-3p inhibitor + miR-675-3p mimics according to the protocol. Following incubation for 12 h, Kyse-150 cells or Te-1 cells were transferred to the upper Matrigel-coated or not Matrigel-coated invasion chambers (BD Biosciences, San Jose, CA, USA) in a serum-free RPMI 1640, and RPMI 1640 containing 10% FBS was added to the lower chambers. Following 24 h, non-migrated or non-invaded cells on the upper surface were removed, and the migrating or invading cells on the underside surface were fixed with 4% paraformaldehyde, stained with 0.1% crystal violet at room temperature for 15 min, and imaged. A total of three independent experiments were performed.
ELISA. Kyse-150 cells (3x10 5 ) or Te-1 cells (3x10 5 ) were cultured in six-well plates and following 24 h transfection with NC, miR-675-3p inhibitor or miR-675-3p inhibitor + miR-675-3p mimics, the related proteins in the cell culture were extracted by centrifuging at 300 x g for 10 min at 4˚C following the manufacturer's protocol. The protein concentrations of matrix metalloproteinase (MMP)2, MMP9 and E-cadherin were measured by ELISA assay (Hangzhou Multisciences, Biotech Co., Ltd, Zhejiang, China, catalog number: EK1M022-96T, EK1M092-96T, EK12352-96T, respectively) following the manufacturer's protocol. All samples were measured in duplicate.
Western blot analysis. Protein levels of MMP2, MMP9 and E-cadherin were detected by western blotting 24 h following treatment. In brief, the total cell proteins were extracted from cells using lysis buffer (Cell Signaling Technology Inc., Danvers, MA, USA). BCA assay (Thermo Fisher Scientific, Inc.) was carried out to measure the protein concentrations. Statistical analysis. Data were analyzed by GraphPad Prism5 (GraphPad Software, Inc., La Jolla, CA, USA) and were expressed as the mean ± standard deviation. Comparisons between groups were made using Student's t-test or one-way analysis of variance followed by Tukey's test. P<0.05 was considered to indicate a statistically significant difference.
Results

MiR-675-3p expression in ESCC.
To explore the expression of miR-675-3p in ESCC tissues, RT-qPCR was used. As demonstrated in Fig. 1A , compared with the normal tissues, cancer tissues expressed higher levels of miR-675-3p, suggesting that the expression level of miR-675-3p was upregulated in ESCC tissues. To further investigate the functional effects of miR-675-3p in ESCC cells, RT-qPCR was also performed to investigate miR-675-3p expression level in human ESCC cell lines (Kyse-150 and Te-1) and the HECC. As demonstrated in Fig. 1B , compared with HECC, both ESCC cell lines expressed higher levels of miR-675-3p.
Knockdown of miR-675-3p inhibits ESCC cell growth in vitro.
In order to investigate the influence of miR-675-3p on ESCC cell growth, the present study firstly transfected NC, miR-675-3p inhibitor, or miR-675-3p inhibitor+miR-675-3p mimics into cells, and the transfection efficiency was detected using RT-qPCR. The results indicated that miR-675-3p inhibitor significantly decreased miR-675-3p expression in KYSE150 and Te-1 cells and this reduction was reversed by miR-675-3p mimics (Fig. 2) . In order to investigate the influence of miR-675-3p on ESCC cell growth, the CCK-8 assay was conducted. The results demonstrated that the proliferation and viability of Kyse-150 and Te-1 cells transfected with miR-675-3p inhibitor was significantly impaired compared with the negative control (NC), indicating an inhibitory effect. However, co-transfection with miR-675-3p inhibitor and miR-675-3p mimics eliminated this effect on Kyse-150 and Te-1 cells, and the proliferation and viability approached the level of the negative control (Fig. 3) .
Knockdown of miR-675-3p inhibits ESCC cell migration and invasion.
The effect of miR-675-3p on the migration of ESCC cells was first checked by a wound healing assay. The results of the in vitro wound healing assay demonstrated that compared with the negative control cells, the migration of Kyse-150 and Te-1 cells was significantly attenuated by miR-675-3p inhibitor. When the levels of miR-675-3p were increased by the miR-675-3p mimics, the migration of Kyse-150 and Te-1 cells recovered to the level of negative control group (Fig. 4) .
To further verify the effects of miR-675-3p on cell migration and invasion ability in ESCC, a transwell assay was performed. An in vitro migration assay revealed that the migration ability of Kyse-150 and Te-1 cells transfected with miR-675-3p inhibitor were suppressed compared with the negative control, but co-transfection with miR-675-3p inhibitor and miR-675-3p mimics eliminated this effect on Kyse-150 and Te-1 cells (Fig. 5) . Similarly, as presented in Fig. 6 , compared with the negative control, downregulation of miR-675-3p effectively repressed the invasion capacity of Kyse-150 and Te-1 cells, however co-transfection with miR-675-3p inhibitor and miR-675-3p mimics resulted in migration and invasion capacities that approached the level of the negative control group (Figs. 5 and 6, respectively) . These data may indicate the oncogenic role of miR-675-3p via the effects on the migration and invasion of ESCC. (15, 16) and MMP9 (17, 18) are involved in many events, such as cancer progression, and invasion, indicating that they may influence the invasion ability of cells. E-cadherin, is a calcium-dependent cell adhesion molecule. Loss of E-cadherin function or expression has been implicated in cancer progression and metastasis (19) (20) (21) . E-cadherin downregulation decreases the strength of cellular adhesion within a tissue, resulting in an increase in cellular motility (22) (23) (24) . This in turn may allow cancer cells to cross the basement membrane and invade surrounding tissues. Therefore, expression levels of MMP2, MMP9 and E-cadherin were analyzed by ELISA (Fig. 7) and western blot analysis (Fig. 8) . Compared with the negative control, miR-675-3p inhibitor significantly decreased MMP2 and MMP9 expression whereas E-cadherin was enhanced. Co-transfection with miR-675-3p inhibitor and miR-675-3p mimics reversed these effects in Kyse-150 and Te-1 cells (Figs. 7 and 8 ).
Effect of miR-675-3p on MMP2, MMP9 and E-cadherin expression in ESCC cell lines. MMP2
Discussion
Although great progress regarding the role of miRNA in cancer pathogenesis has been made, the roles of miRNA in the carcinogenesis of ESCC are far from being adequately elucidated. In the present study, miR-675-3p was demonstrated to serve an important role in promoting the migration and invasion ability of ESCC cell lines through inhibiting or activating epithelial mesenchymal transition (EMT) marker expression levels. In the beginning of the present study, the expression of miR-675-3p was upregulated in ESCC tissues and cell lines compared with the normal control. Therefore, the high level of miR-675-3p may be associated with the progression and development of tumor and the migration and invasion ability of ESCC cells. Previous studies have highlighted the prospect that certain miRNAs may be used as biomarkers for prognosis assessment or tumor therapeutic targets in human cancer (25) (26) (27) . MiRNAs are known for their dual role as oncogenes (28, 29) or tumor suppressors (30) (31) (32) (33) and they also have been implicated in the regulatory network of various cancer types. MiR-675-5p has been demonstrated to affect tumor migration or invasion. He et al (34) suggested that miR-675-5p is downregulated in non-small cell lung cancer tissues compared with normal tissues, and miR-675-5p inhibition could promote the migration and invasion ability of non-small cell lung cancer cells. Zhou et al (35) demonstrated that downregulation of miR-675-5p inhibits the migration and invasion ability of the ESCC cells. In the present study, it was demonstrated that miR-675-3p was highly expressed in ESCC tumor tissues compared with the normal tissues. Therefore, it may be hypothesized that miR-675-3p as another variant of miR-675 may also have the biological activity which could affect the migration and invasion ability of ESCC cells. As demonstrated in the present results, miR-675-3p affected the migration and invasion abilities of ESCC cells. When miR-675-3p was downregulated in the ESCC cells, the migration and invasion ability of ESCC cells was downregulated, and when miR-675-3p levels were then upregulated, the migration and invasion ability of the ESCC cells recovered to levels similar to the control group. These results indicated that miR-675-3p could serve as a biomarker for tumor progression and development research, or for clinical diagnosis, but this needs to be further investigated.
MMP2, MMP9 (36-40) and E-cadherin, markers of EMT, are usually involved in cancer progression (24) , cancer cell invasion events (41) , and also may participate in regulating cell migration (42) (43) (44) and invasion ability (45) . Therefore, to reveal whether miR-675-3p participates in the regulation of ESCC cell migration and invasion, miR-675-3p was downregulated in ESCC cells using an miR-675-3p inhibitor. It was demonstrated that inhibition of miR-675-3p in Kyse-150 and Te-1 cells significantly inhibited cell growth, as well as cellular migration and invasion capabilities. Furthermore, it was also demonstrated that miR-675-3p may serve an important role in influencing some proteins, such as MMP2, MMP9, and E-cadherin, which may affect the ability of migration and invasion in ESCC cells, however the underlying mechanism has not yet been investigated. Therefore, understanding the key role of miR-675-3p in ESCC may lead to the discovery of a novel biomarker, or identification of novel therapeutic targets for treating esophageal cancer, however this requires further investigation.
In conclusion, the present results are at the forefront of research for miR-675-3p, and further investigation is required for miR-675-3p potential targets and its function in tumorigenesis.
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